A new reagent 2-(2,3-dihydroxy-4-oxocyclobut-2-enylidene) hydrozinecarbothiamide has been synthesized and used for developing a simple spectrophotometric method for the determination of Fe(III) which is based on a 2 : 1 complex formation between Fe(III) and new reagent in aqueous solution. e method is optimized in terms of the pH value, amount of reagent required, ionic strength, and stability of the complex, sensitivity, linearity, and tolerance limits of various foreign ions. e complex is a redbrown chelate, with max = 465 nm at pH = 3 ( = 5 3 L⋅mol − ⋅cm − ). e ionic strength was kept constant at 0.02 by adding appropriate amounts of NaCl solution. e calibration curve is linear in the concentration range from 0.27-33.50 g⋅mL − . e effects of foreign ions on the determination of Fe(III) were investigated in order to assess the selectivity of the method. e method was applied in determination of Fe(III) in tap water, cow milk, and human serum.
Introduction
Iron is the most important transition element involved in living system, being vital to both plants and animals. Its versatility is unique. It is at the active center of molecules responsible for oxygen transport and electron transport and is found in such diverse metalloenzyme as nitrogenase, various oxidases, hydrogenases, reductases, dehydrogenases, deoxygenases, and dehydrases. Iron is involved in enormous range of function and the whole range of life forms, from bacteria to man [1, 2] . Determination of oxidation state of iron in aquatic system is very important for environmental and biological studies because of the in�uence of the chemical forms on the bioavailability of iron [3] . Owing to simplicity, cheapness, and rapidity, UV-Visible spectrophotometric methods have been developed for the determination of metal ions. It involves using a number of chromogenic reagents for this purpose. Ferric ion is the most stable state of iron in the solutions; hence the determination of iron is generally demonstrated on Fe(III) contents. In recent years, numerous chromogenic reagents, which are capable to form high stable complexes with Fe(III) ion, have been widely used for the determination of iron contents in numerous complicated matrices [4] .
ere are many spectrophotometric methods for the determination of iron [5] . Several techniques, such as spectrophotometry [6] [7] [8] [9] , atomic absorption spectrometry (AAS) [3, 7, [10] [11] [12] , inductively coupled plasma-optical emission spectrometry (ICP-OES) [13, 14] , ICP-mass spectrometry (MS) [15] [16] [17] , cathodic or anodic stripping voltammetry [18, 19] , chromatography [20, 21] , cloud point extraction (CPE) [22] [23] [24] [25] [26] , and spectroscopic sensors [27] , have been reported for the determination of Fe.
In this study, 2-(2,3-dihydroxy-4-oxocyclobut-2-enylidene) hydrozinecarbothiamide is a new ligand used for spectrophotometric determination of Fe(III) ion. e procedure was applied to the determination of iron in tap water, cow milk, and human serum.
Experimental
Absorbance was measured and absorption spectra were recorded using a Cary 100 model Varian UV-VIS spectrophotometer (Australia) equipped with a quartz cell of 10 mm path length. pH measurement was made with 827 pH lab Metrohm pH meter (Switzerland). IR spectra were obtained on a Matson 1000, FT-IR spectrometer (USA). Peaks are reported in wave numbers (cm −1 
Preparation of Ligand
A solution of 3,4-Dihydroxy cyclo but -3 ene -1,2 dione (6.37 g, 48.97 mmoL) was added in small portions to a solution of thiosemicarbazide (4.46 g, 48.97 mmoL) in water (45 mL) and 12 M hydrochloric acid (4.18 mL) in ethanol (40 mL). e solution was stirred at room temperature for 2 hours. e resulting white precipitate was �ltered, washed with cold water, and dried under vacuum at 70 ∘ C for 5 hours to give 9.05 g, 91% yield of 2-(2,3-dihydroxy-4-oxocyclobut-2-enylidene) hydrozinecarbothiamide as a white solid, White powder ( Figure 1 of the ligand is at 236 nm and that of complex is at 465 nm indicating the formation of a complex between the ligand and Fe(III). e molar absorptivity of the complex calculated from the absorbance data was found to be 1.95 × 10 3 L⋅mol −1 ⋅cm −1 at 465 nm.
e Effect of pH.
e effect of pH on the determination of Fe(III) in aqueous medium was investigated spectrophotometrically. For this purpose, the absorbances were measured in the range of 10 −1 -10 −6 M HCl at 465 nm. e results obtained are shown in Figure 3 . As it is clearly seen, the amount of Fe(III) can be determined quantitatively in the 10 −3 M HCl at pH ∼ 3. 
Effect of Ionic

Nature and Stability of the Complex
. e stoichiometric ratio of Fe(III) and ligand in the complex was determined using the Job's method of continuous variation. Solutions of Fe(III) and ligand of the same concentration (10 −4 M) were prepared and then mixed in the volume ratio from 1 : 9 to 9 : 1. e Job curve of this system at HCl concentration of 10 −3 M and I = 0.02 is shown in Figure 6 . e maximum at M : L = 0.33 indicates that the formation of the complex is in the metal: ligand ratio of 2 : 1. e color of Fe(III) complex was instantaneous, and the intensity remained constant for at least 48 h. e composition of the complex was also determined by applying the mole ratio method. A series of solutions were prepared with a constant concentration of FeCl 3 ⋅6H 2 O (10 −4 M) and variable 2-(2,3-dihydroxy-4-oxocyclobut-2-enylidene) hydrozinecarbothiamide concentrations (0.1 × 10 −4 -5 × 10 −4 M). It can be seen (Figure 7 ) that the metal: ligand ratio in the complex is 2 : 1, which agrees with result obtained by the Job's method. 
Beer's Law and Sensitivity.
4.7.
Precision. e precision of the method was checked by taking 10 replicate measurements on solutions each containing 0.3-30 g⋅mL −1 of Fe(III). e relative standard deviation (RSD) of the results of the determination of Fe(III) was in the range of 0.8-1.2%. Detection limit estimated from the standard deviation (SD) of the blank and calibration sensitivity (slope of calibration line), (LOD = 3 SD/sensitivity [32] ) amounted to 0.08 g⋅mL −1 of Fe(III) ( 
Effect of Diverse
Ions. e interference effect of cations and anions on the determination of iron ( Fe = 10 −4 M) and the tolerance limits of the interfering ions are given in Table 3 .
Applications
e proposed method was applied for the determination of Fe(III) in real samples such as tap water, cow milk, and human serum. 
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Tap water samples were obtained from Rafsanjan City. To determine Fe(III), 10 mL of water sample was spiked with solution of 10 −3 M Fe(III) and was analyzed by the analytical procedure.
To 10 mL of cow milk, few drops of concentrated nitric acid were added, and the sample was centrifuged for few minutes. en the supernatant solution was taken, its pH was adjusted to ∼3, and the resulting solution was spiked. e solution was then analyzed according to the given procedure.
To 1 mL of human serum added 5 mL of 30 wt% trichloroacetic acid to precipitate protein. e mixture was centrifuged to remove protein. Supernatant liquid was transferred to a fresh test tube and then pH was adjusted to ∼3 and the resulting solution was spiked. e solution was then analyzed according to the given procedure. e obtained results are given in Table 4 . 
